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1 Introduction
$n$ }$\backslash -$ $g$ , , $n$
$n$ ,
$n=3,4$ . Schoen’s
Gyroid Schwarz \oplus 3 fx\Phi
,
.
$n$ }$\backslash -$ $g$ Weierstrass
, \Phi ( $\text{ }\backslash$ (\nearrow T- \exists iffid‘‘‘ )











, $n=3$ -Smyth [4]
. ,
$\theta\in S^{1}$
3 $\mathrm{t}\backslash -$ Property $\mathrm{P}$
, Meeks [2] t
$\backslash$ ,






, 4 $\mathrm{A}$ ‘ 0
(section 52). Nagano-Smyth[5]
, Nagano-Smyth
. $s_{f}\langle M_{g}$ ) $M_{g}$ . $f$ $S_{f}(M_{g})$
$S_{f}(M_{g})$ $f$ $\mathrm{R}^{n}/\Lambda$
. $S_{f}(M_{g})$ $\vdash-$
$f$ Ci $S_{f}(M_{g})$ .








4 0 10 trigond
: $(\iota)$ ,
$e^{i\theta}\subset S^{1}$ , (ii) (
Nagano-Smyth ).
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Theorem 2.1. (Weierstrass ) $f$ : $M_{\mathit{9}}arrow R^{n}/\Lambda$ $g$
emann $M_{g}$ $\text{ }-$ $R^{n}/\Lambda$
. , $f$ :
(1) $f(p)= \Re\int_{p_{0}}^{p}(\omega_{1},\omega_{2}, \ldots, \omega_{n})^{T}$ Mod $\Lambda$ ,
$p_{0}\in M$ , $T$ , $\{\omega_{1}, \omega_{2}, \ldots, \omega_{n}\}$ l
$M$ .
(2) $\omega_{1},$ $\omega_{2},$ $\ldots,$ $\omega_{n}$
(3) $\omega_{1}^{2}+\omega_{2}^{2}+\cdots+\omega_{n}^{2}=0$
(4) $\{\Re\int_{\gamma}(\omega_{1},\omega_{2}, \ldots, \omega_{n})^{T}|\gamma\in H_{1}(M_{\mathit{9}}$, } A
3 (2) $\sim(4)$ $\{\omega_{1}, \cdots, \omega_{n}\}$ V‘
(1h $\text{ }$ $f$ }$\backslash -$
.
(4) , (1) well-defined
. $f$ $f_{\theta}$ :
$f_{\theta}(p):= \Re\int_{p_{\mathrm{f}J}}^{p}e^{i\theta}(\omega_{1},\omega_{2}, \ldots, \omega_{n})^{T}$
$f_{\theta}$ well-defined , $f$ .
$f_{\pi/2}$ $f$ .






$Q_{n-2}:= \{[w]\in \mathrm{C}P^{n-1}|w\prime w=\sum_{i}(w^{i})^{2}=0\}$ (” $\cdot$ ”
)
$\mathrm{C}P^{n-1}$ $(\omega_{1},\omega_{2}, \cdots,\omega_{n})$ $e^{i\theta}(\omega_{1}, \omega_{2}, \cdots,\omega_{n})$
. (1) ,
$f$ $f_{\theta}$ . $\mathrm{t}\backslash$
” ” 5’ ”
, .
$n=3$ $\theta\in S^{1}$ $f_{\theta}$
$fl\mathrm{h}$ Property $\mathrm{P}$ ,
:






-Smyth [4], [5] .






$p-n_{\mathrm{p}}$ (unit normal vector)
Gauss $G(M_{g})$
57
( [2], [6] )
Area$(M_{g})=- \int_{\mathrm{A}f_{g}}Kdv=4\pi(g-1)$
$=\deg(G)\mathrm{A}\mathrm{r}\mathrm{e}\mathrm{a}(S^{2})=4\pi\deg(G)$
Gauss $G$ $g-1$ .
.
Theorem 3.1. $f$ : $M_{g}arrow R^{3}/\Lambda$ .
(1) 0 .
(2} $\grave{\grave{1}}$ 1 Gauss
2 , $f$ .
(3) 2 Gauss $S^{2}$ 1 ,
, .
(4) 3 Gauss $S^{2}$ 2
.
(4) 4 Gauss $S^{2}$ 3
trigond .
Schwarz $\mathrm{P}$ , Schwarz $\mathrm{D}$ ,





trigonal $w^{3}=z^{6}\neg 1[7]$ . $M_{g}$
(5) $w^{3}=z^{3k+3}-1(g=3k+1, k=1,2,3, \cdot ‘ \cdot)$
$g$ trigonal ,
$H^{0}(M, K)=< \frac{dz}{w^{2}},$ $z \frac{dz}{w^{2}},$ $\cdots,$









\mbox{\boldmath $\varphi$}* $=e^{\frac{2\pi}{3}i}(_{\sin}^{\cos}\xi_{\frac-\frac{\frac{2\pi}{3(k+1)2\pi}}{3(k+1)}\exists}^{\frac{2\pi}{2\pi 33}-}0$
$-\mathrm{s}i\mathrm{n}\cos($$\frac{(_{2}\frac{2\pi}{\pi 3}}{3}-\frac{\frac{2\pi}{3(k+12\pi\ovalbox{\tt\small REJECT}}}{3(k+1)}-)0$ $00)1\Psi$
Remark 4.1.
$\cos(\frac{2\mathrm{n}}{3}-\frac{2\pi}{3(k+1)})$
$\delta\grave{\grave{\backslash }}\mathrm{H}fl$ $k=1,3,7,9$ $\frac{1}{2}$ , $0_{f}$
$-2\mathrm{L}3_{\frac{-1}{\sqrt 2}-\frac{\sqrt{\mathrm{B}}-1}{4}},$ . $\mathrm{s}i\mathrm{n}(\frac{2\pi}{3}-\frac{2\pi}{3(k+1\}})$ $L_{\mathrm{z}^{3}\prime}1,$ $E_{\sqrt{2}^{-}}3 \pm_{2}12\frac{1}{2}\sqrt{\frac{5+\sqrt{5}}{2}}$ .
explicit $k=1,3$
. , $\varphi^{*}$ , $\mathrm{s}\mathrm{i}\mathrm{n}$ ,
$\cos$ .
1-cycle ciosed curve , .
$A_{1}=\{(z, w)=(e^{il}, w(t))|t\in[0,$ $\frac{2\pi}{3(k+1)}\ovalbox{\tt\small REJECT},$ $w( \frac{\pi}{3(k+1)})<0\}$
$\cup\{(z, w)=(e^{-it}, e^{\frac{2\pi}{3}i}w(t))|t\in\ovalbox{\tt\small REJECT}-\frac{2\pi}{3(k+1)},$ $0\ovalbox{\tt\small REJECT},$ $w(- \frac{\pi}{3(k+1)})<0\}$
$A_{2}=\{(z, w)=(e^{i6}, w(t))|t\in\ovalbox{\tt\small REJECT}^{0},$ $\frac{2\pi}{3(k+1)}],$ $w( \frac{\pi}{3(k+1)})l<0\}$
$\cup\{(z, w)=(e^{-i8}, (e^{\frac{2\pi}{3}})^{2}w(t))|t\in\ovalbox{\tt\small REJECT}-\frac{2\pi}{3(k+1)},$ $0\ovalbox{\tt\small REJECT},$ $w(- \frac{\pi}{3(k+1)})<0\}$
$\varphi$ 1-cycle .
Example 4.1.
(1) $k=1$ , trigonal .
(2) $k=3$ , A. Schoen I- $WP$ .
2 Property $P$ .
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$3\gamma 000$ $\frac{\mathrm{v}\overline{3}\frac{3}{2}0}{2}\gamma 0\gamma\ovalbox{\tt\small REJECT}$ , $\{\alpha=\frac{1}{\frac B6\sqrt[3]{2},121}B(2/3,1/6)\gamma=(1/3,1/6)$





. $M_{g}$ cyclic covering of aline(p.73[3])
trigonal :
$w^{3}=z^{3\{k+1)}-1(g=3k+1, k=1,23, \cdots)\}$ .
$H^{0}(M_{g}, K)$ :
$H^{0}(M, K)= \mathrm{s}\mathrm{p}\mathrm{a}\mathrm{n}\{\frac{dz}{w^{2}},$ $z \frac{dz}{w^{2}},$
$\cdots,z^{2k}\frac{dz}{w^{2}},$ $\frac{dz}{w},$ $z \frac{dz}{w},$ $\cdots,$
$z^{k-1} \frac{dz}{w}\}$ .
BO
3 u $(z, w)\mapsto z$
$\ovalbox{\tt\small REJECT} g$ Moduli
( [7] $\mathrm{A}$ $\backslash$ ) . $[s_{1}, s_{2}]=$
$[1, z],$ $[t_{1}, t_{2}]=[1, z^{2k-1}]$
$f$ : $M$
$p$
, $\varphi(z, w):=^{-}(e^{3\langle k+1}\neg^{i}z, w)2\pi$ $\varphi$ ,
Gauss
$\varphi^{*}\Psi=e^{\frac{2\pi}{3}i}$ ( $R( \frac{4\pi 0}{3(k+1)}-\frac{2\pi}{3})$) $\Psi$ ,
$R(\theta):=(:_{i\mathrm{n}\theta}^{\mathrm{o}\mathrm{s}\theta}$ $-\sin\theta\cos\theta)$ ,
Remark 5.1.
$krightarrow-1,3,7,9$ , $\cos(\frac{2\pi}{\mathrm{a}}-\frac{2\pi}{3(k+1)})$ explicit
: $\{1/2,0,$ $-2 \mathrm{E}3\sqrt{}^{\frac{-1}{2}}’-\frac{\sqrt{5}-1}{4}\}$ . , $\mathrm{s}i\mathrm{n}(\frac{2\pi}{3}-\frac{2\pi}{3(k+1)})$
$\{\frac{\sqrt{3}}{2},1,$ $\ovalbox{\tt\small REJECT}\sqrt{\frac{5+\sqrt{5}}{2}}\}$ . explicit $\mathrm{t}_{\mathit{1}}\backslash$
, $k=1,3$ .
Remark 5.1 , $k=3$ $g=10$ .
$M_{10}$ $w^{3}=z^{12}-1$ , $f$




$\varphi(z, w)=(e^{\frac{\pi}{6}i}z, w)$ . , Gauss
$\varphi^{*}\Psi=e^{\frac{2\pi}{3}i}$ ( $0$ $R(- \frac{\pi}{3})0$ ) $\Psi=e^{\frac{2\pi}{3}i}\ovalbox{\tt\small REJECT}^{0}100-1000$ $- \frac{\sqrt{3}}{2}\frac{001}{2}$ $\frac{\sqrt{3}00}{})\frac{21}{2}\Psi$
.
5.2 Homologically triviality
$f$ , $f(M_{10})$ $\mathrm{R}^{4}/\Lambda$ 0
.
$(x^{1}, x^{2}, x^{3}, x^{4})= \Re\int_{p0}^{p}(\frac{1-z^{6}}{w^{2}},$
$\frac{i(1+z^{6})}{w^{2}},$ $\frac{z^{5}+z}{w^{2}},$ $\frac{i(z^{5}-z)}{w^{2}})^{T}dz$ ,
$(\begin{array}{l}dx^{1}dx^{2}dx^{3}dx^{4}\end{array})=\frac{1}{2}\ovalbox{\tt\small REJECT}_{\frac{\frac{i(1\frac{1-z^{6}}{+^{w_{Z^{6}}^{2}})}}{i(z\frac{z+z\mathcal{H}^{2}}{5w^{2}-z)}}}{w^{2}}dz-d\overline{z}}^{dz+\frac{1-\overline{z}^{6}}{\frac{i(1+\overline{z}^{6})\overline{w}^{2}d\overline{z}}{\frac{\overline{z}^{5}+\overline{w}_{\frac{2}{z}}}{\frac{i(_{\overline{Z}}^{\overline{w}_{5}^{2}}-\overline{z})d\overline{z}}{\overline{w}^{2}}}}}}dz-d\overline{z}\ovalbox{\tt\small REJECT} dz+$
.
$dx^{1}$ A $dx^{2}= \frac{1}{4}(\frac{1-z^{6}}{w^{2}}dz+\frac{1-\overline{z}^{6}}{\overline{w}^{2}}d\overline{z})$ A $($
$\frac{i(\bm{1}+z^{6})}{w^{2}}dz-\frac{i(1+\overline{z}^{6})}{\overline{w}^{2}}d\overline{z})$
$=- \frac{i}{2}\frac{1-|z|^{12}}{|w|^{4}}dz\Lambda d\overline{z}$ ,
$dx^{1} \Lambda dx^{3}=\frac{1}{4}(\frac{1-z^{6}}{w^{2}}dz+\frac{1-\overline{z}^{6}}{\overline{w}^{2}}d\overline{z})$ $($
$\frac{z^{5}+z}{w^{2}}dz+\frac{\overline{z}^{5}+\overline{z}}{\overline{w}^{2}}d\overline{z})$
$= \frac{1}{4}\frac{-(z-\overline{z})(1+|z|^{10})-(z^{5}-\overline{z}^{5})(1+|z|^{2})}{|w|^{4}}dz\Lambda d\overline{z}$,
$dx^{1} \mathrm{A}dx^{4}=\frac{1}{4}$ ( $\frac{1-z^{6}}{w^{2}}dz$ $\frac{1-\overline{z}^{6}}{\overline{w}^{2}}d\overline{z}$) $\Lambda($ $\frac{i(z^{5}-z)}{w^{2}}dz-\frac{i(\overline{z}^{5}-\overline{z})}{\overline{w}^{2}}d\overline{z})$
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$=- \frac{i}{4}\frac{-(z+\overline{z})(1+|z|^{10})+(z^{5}+\overline{z}^{5})(1+|z|^{2})}{|w|^{4}}dz$ A $d\overline{z}$ ,




$= \frac{i}{4}\frac{(z+\overline{z})(1+|z|^{10})+(z^{5}+\overline{z}^{5})(1+|z|^{2})}{|w|^{4}}dz$ A $d\overline{z}$ ,
$dx^{2}$ A $dx^{4}= \frac{1}{4}(\frac{i(1+z^{6})}{w^{2}}dz-\frac{i(1+\overline{z}^{6})}{\overline{w}^{2}}d\overline{z})\Lambda($
$\frac{i(z^{5}-z)}{w^{2}}dz-\frac{i(\overline{z}^{5}-\overline{z})}{\overline{w}^{2}}d\overline{z})$
$= \frac{1}{4}\frac{(z-\overline{z})(1+|z|^{\mathrm{I}0})-(z^{5}-\overline{z}^{5})(1+|z|^{2})}{|w|^{4}}dz$A $d\overline{z}$ ,
$dx^{3} \Lambda dx^{4}=\frac{1}{4}(\frac{z^{5}+z}{w^{2}}dz+\frac{\overline{z}^{5}+\overline{z}}{\overline{w}^{2}}d\overline{z})$ A $($ $\frac{i(z^{5}-z)}{w^{2}}dz-\frac{i(\overline{z}^{5}-\overline{z})}{\overline{w}^{2}}d\overline{z})$
$=- \frac{i}{2}\frac{-|z|^{2}+|z|^{10}}{|w|^{4}}dz\Lambda d\overline{z}$ .




$\int_{M_{10}}dx^{3}$ A $dx^{4}=0$ .
$\int_{M_{1\theta}}dx^{1}\Lambda dx^{3}=$
$=0$ .







$\mathfrak{F}^{\wedge}\backslash \text{ }$ . $\mathrm{f}\mathrm{f}_{\ovalbox{\tt\small REJECT}}^{\mathrm{B}}$ $g\in s_{f}(M_{g})$ $\urcorner \mathrm{p}$ \Phi
$M” \mathrm{r}\frac{\backslash }{}L$ $\underline{.\cdot f}\bm{\mathrm{R}}^{4}/\Lambda$
$M_{g}$–$\mathrm{I}\mathrm{t}/l1$
$g$ : $\mathrm{C}\mathit{3}$ $1\exists \mathrm{a}\mathrm{f}\mathrm{f}\mathrm{i}\mathrm{n}\mathrm{e}\mathrm{t}\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{s}\mathrm{f}\mathrm{o}\mathrm{r}\mathrm{m}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}A\in GL(4\mathrm{R})\oplus \mathrm{t}\in \mathrm{R}^{4}$
$M_{\mathit{9}}$ $\overline{f}\mathrm{R}^{4}/\Lambda$








. $S_{f}(M_{g})\subseteq S_{f}^{t}(M_{g})$ . , $j$ ,
$p_{\alpha}=(e^{\frac{\pi}{6}\alpha i}, 0)(1\leq\alpha\leq 12)$ , $M_{g}/j\cong S^{2}$
$\text{ _{}\overline{\mathrm{P}}arrow}\mathrm{n}\#\{\mathrm{J}$
$S^{2}-\{p_{\alpha}\}_{\alpha=1}^{12}\subset S^{2}$
$\text{ }\Pi\overline{\mathrm{p}}$ . $M_{g}$ { $w^{3}=z^{12}-1$ (
,
$S^{2}-\{p_{\alpha}\}_{\alpha=1}^{12}$
$z\mapsto e^{\frac{\pi}{6}i}z$ $zrightarrow 1/z$ 2
$D_{12}$ . $j1\mathrm{h}\mathrm{b}$
$t^{\backslash }\mathrm{f}\ovalbox{\tt\small REJECT}$, ‘




$R(- \frac{\pi}{3})0)f$ , $\phi^{l*}f=(\begin{array}{llll}\mathrm{l} 0 0 00 -1 0 00 0 -1 00 0 0 1\end{array})f$
. $\phi$ $\phi^{l}$ , $f$ $D_{12}$
. $S_{f}(M_{g})$ , $\phi$
$\phi’$
$D_{12}$ .




, [7] $\mathrm{I}_{\sqrt}$ ‘
.
, :

















































































$A= \int_{1}^{2}\frac{dt}{((4-t^{2})(t^{2}-1)^{2})^{\frac{1}{3}}},$ $B= \frac{1}{2\sqrt{3}}B(1/3,1/6)$
, $A$ $B$ . \gamma -\rightarrow X)l $t: \frac{2\pi}{3}-\pi$ (






$\ovalbox{\tt\small REJECT}-$ ( $e^{\frac{2\pi}{3}}$ 2+e
$i$ ) $\int_{1}^{2}\frac{dt}{((4-t^{2})(t^{2}-1)^{2})^{\frac{1}{3}}}=-$ (














0 $- \frac{3}{2}A$ -3 $A$ 3 $A$ $\frac{3}{2}A$ 0 0
$-\sqrt{3}C0$ $\frac{\frac{3}{\sqrt{3}2}}{2}CB$ $c_{2}30_{C}$ $\mathcal{L}320_{C}$ $\frac{\frac{3}{\sqrt{3}2}}{2}CB$
$-\sqrt{3}C0$ $-\sqrt{3}C0$
$- \frac{3}{32}B)2\frac{3}{L2}AC$
$-\sqrt{3}B\sqrt{3}A0$ $-c_{2}3 \frac{\sqrt{3}}{-2}\cdot B\frac{3}{2}CA$ $-A- \frac{\sqrt{3}03}{2}C$ $- \sqrt{3}A\frac{3}{2}C0$









$f$ : $M_{4}arrow \mathrm{R}^{3}/\Lambda_{4}$
$p- \Re\int_{p0}^{p}(\frac{1-z^{2}}{w^{2}},$ $\frac{i(1+z^{2})}{w^{2}},$
$\frac{2z}{w^{2}})^{T}dz$
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